INTRODUCTION
The TDSE is the fundamental equation which contains all the obtainable information about the physical system. The time-evolution of the wave function ) , ( t x under the influence of interactions described by a potential energy ( ) V x obeys the TDSE which, in one-dimension, is given by 2 2 V . Here, is the Planck constant and m is the particle mass. In practice, the TDSE is solved, numerically, to propagate the given initial wave function forward in time. The TDSE can be used to study quantum mechanical tunneling phenomena.
SOLVING THE SCHRÖDINGER EQUATION
In order to approximate the exact solution, the original problem (1) is restricted on a finite computational interval , L R x x andtime 0 t . It is assumed, discussed in Ehrhardt and Arnold [1] , that (i) the initial wave function ( ,0) x is supported in the interval, and (ii) ( , ) 
I. Time and Space Discretizations
The standard formal solution of (1) can be expressed by the following relation
In this paper, we implement the higher order approximation by Misicuet al. [2] to approximate the time evolution operator. Equation (2) is approximated by the following scheme For the spatial integration, we employ the Numerov's method for solving equation (4) as used by Moyer [3] , in which a finite difference approximation is obtained whose accuracy is fifth order in the space step, Hence, this two-step method obtains a solution which is of the fourth order in the time step:
and the intermediate step is given by
II. Discrete Transparent Boundary Conditions
In this study, we consider to use the discrete transparent boundary conditions (DTBC) to eliminate the spurious reflections of the wave packet at the endpoints of the computational interval. This approach, which has been discussed in Ehrhardt and Arnold [1] and Moyer [3] , is used to derive equations at the boundaries that will follow the wave function shape as it travels and approaches any boundary. In order to evaluate the solution, we redefine the time index using 1, 
Here, , | | 1
We apply the Z transform of to equation (5) and rewrite the time indices n to r , . The Z transform of is defined as follows:
To derive DTBC, one of the requirements is to assume the initial wave function vanishes at the exterior regions and neighbouring points; i.e. . We also implement this assumption to derive DTBC for the two-step method. In deriving DTBC for 2 k , we assumed the intermediate value at 
RESULT AND DISCUSSION
We apply this method to the case of a free wave packet [4] , which refers to a particle that is not influenced by a potential energy, by setting 0 ) ( x V 
We will compare the numerical results with the exact solution. The exact solution is known [4] and it is given by the following wave function The wave packet move towards increasing x and disperses with time as shown in Figure 1 .The DTBC ensures that it does not introduce any spurious reflections at the right endpoint of computational interval as the wave packet leaves the computational domain. We compute the relative errors, Since we know the exact solution, we are able to compare the numerical results with the exact solution given in equation (13). As shown in Table 1 , a comparable accuracy with the one-step Numerov algorithm can be obtained with the Two-Step Numerov algorithm using a timestep which is larger by a factor of 10. This is due to the fourth order accuracy of the two-step algorithm over the one-step algorithm which has second order accuracy in the time step.
In the following example, we consider the potential step (Ref. [6] , pp. 86-89) and observe the propagation of the wave packet under the influence of this potential. The potential step, 
Here, the well depth is 0 V and its width is . We choose the initial wave function (12) with width σ 0 = 0.5 and centred at x = -3. The initial wavenumber is set at k 0 =7with the spatial step size of h= 0.01, with a time step of 0.00007. The potential parameters are 0 V 5 and 2. It is known [6] that the choice of integer in the potential results in reflectionless propagation. Hence, this provides a test of the numerical algorithm. Figure 3 shows that the numerical two-step Numerov algorithm generates a wave packet that is completely transmitted upon passing through the potential, in accord with analytical results [6] . 
CONCLUSION
We have derived a new method, i.e. the two-step Numerov algorithm, for solving TDSE. The new method, which was developed with higher accuracy two-step scheme (3), results in higher accuracy wave function as compared with the one-step algorithm. The discrete transparent boundary conditions have been successfully incorporated into the two-step scheme to eliminate spurious reflectionsat the left and right endpoints of the spatial domain.
